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(54) Thermosiphon

(57) A thermosiphon (1) is provided of low cost and
simple construction and having a condenser (2) which
can reliably discharge a condensed working fluid from
an outlet pipe even if the apparatus is somewhat in-
clined. A thermosiphon (1) comprises a condenser (2)
connected to a cold part (B) of a refrigeration apparatus
(A), and a capillary (3a) and a large diameter pipe (3b)
connected to the condenser (2) and which can pass a

working fluid thereinside. The condenser (2) comprises;
an attachment part (4) attached to the cold part (B) for
conducting cold from the cold part (B), and a condensing
part (5) provided at an end of the attachment part (4) for
condensing the working fluid. The condensing part (5)
has a cavity portion (6) thereinside, an inside bottom
part (6a) of the cavity portion (6) featuring a slope de-
scending towards an outlet hole (12) which communi-
cates with the capillary (3a) for the working fluid.
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Description

[0001] The present invention relates to a thermosi-
phon, and in particular to a condenser for condensing a
working fluid in a thermosiphon.
[0002] A known thermosiphon intended to be used,
for example, in a refrigeration apparatus, includes, ac-
cording to a first configuration, a condenser which is
constructed by coiling a part of a pipe with a working
fluid filled thereinside into a coil shape, said condenser
being covered over an outer periphery of the cold part
of the refrigeration apparatus. Also known is a thermosi-
phon according to a second configuration, in which an
inlet pipe and an outlet pipe for a working fluid are con-
nected above and below a condenser constructed with
a plurality of holes bored in parallel in a metal block so
as to surround a cold part, a working fluid being filled
into the condenser, the inlet pipe and the outlet pipe. In
such a thermosiphon, the holes communicate with an
inside bottom part of the condenser, the construction be-
ing such that the working fluid condensed in the holes
accumulates at the inside bottom part of the condenser
and flows out from an outlet portion to an outlet pipe
connected to the bottom side of the condenser.
[0003] However, if an apparatus using a thermosi-
phon according to the first configuration is inclined, the
condensed working fluid accumulates inside the con-
denser, so a drop in the heat transport efficiency may
occur. Moreover, in an apparatus using a thermosiphon
according to the second configuration is inclined, then
depending on the incline direction, the position of the
liquid portion can become higher than the inside bottom
face of the condenser. If so, then as with the first con-
figuration, the condensed working fluid accumulates in-
side the condenser so that a drop in heat transport effi-
ciency may occur. Furthermore, the large number of
holes to be bored in the metal block causes an increase
in the manufacturing cost of the thermosiphon.
[0004] It is an object of the present invention to solve
the above-mentioned problems by providing a thermosi-
phon of low cost and simple construction and having a
condenser which can reliably discharge a condensed
working fluid from an outlet pipe even if the apparatus
is somewhat inclined.
[0005] According to a first aspect of the present inven-
tion, a thermosiphon comprising a condenser connect-
ed to a cold part of a refrigeration apparatus, and an inlet
pipe and outlet pipe connected to the condenser and
which can pass a working fluid thereinside, further com-
prises an attachment part attached to the cold part for
conducting heat from the cold part, and a condensing
part provided at an end of the attachment part for con-
densing the working fluid, the condensing part having a
cavity portion thereinside, an inside bottom part of the
cavity portion featuring a slope descending towards an
outlet hole which communicates with an outlet pipe for
the working fluid.
[0006] By having the above construction for the

present invention, when the working fluid in a vapor
state which has flowed to the condensing part from the
inlet pipe loses heat in the cavity portion inside the con-
densing part and is liquefied, it accumulates at the inside
bottom part of the cavity portion and flows out from the
outlet hole communicated with the outlet pipe. At this
time, since the inside bottom part of the cavity portion
features a slope descending towards the outlet hole
which communicates with the outlet pipe of the working
fluid, then even if the condenser is somewhat inclined,
if this incline is less than the slope of the inside bottom
part of the cavity portion which descends towards the
outlet pipe, the working fluid does not accumulate in the
condensing part, and flows along the inside bottom part
of the cavity portion and flows out from the outlet hole
to the outlet pipe. Hence there is no drop in heat trans-
port efficiency.
[0007] In a thermosiphon according to a second as-
pect of the invention, the condensing part is constructed
with a heat exchange member attached to the cavity
portion. By constructing the present invention in the
above manner, the condensing part can be easily con-
structed by attaching a separately formed heat ex-
change member inside the cavity portion
[0008] In a thermosiphon according to a third aspect
of the invention, the heat exchange member is con-
structed from a plate-like base and a heat exchange part
provided upright on the base, the construction being
such that the cavity portion is sealed by the base. By
constructing the present invention in the above manner,
the heat exchange part of the heat exchange member
can be inserted into the cavity portion formed in the con-
densing part, and the opening of the cavity portion can
be sealed by the plate-like base of the heat exchange
member. Therefore the sealing of the cavity portion and
the attachment of the heat exchange member can be
performed simultaneously. Hence assembly of the con-
densing part becomes even easier.
[0009] In a thermosiphon according to a fourth aspect
of the invention, the inside bottom part of the cavity por-
tion features a descending slope having a gradient of
more than 10 degrees with respect to the horizontal di-
rection when the condenser is connected to the cold part
of the refrigeration apparatus. By virtue of the present
invention, in a refrigeration apparatus incorporating a
thermosiphon as described above, for which it is spec-
ified, for example by law, that it should not fall over if
inclined at 10 degrees, since the inside bottom part is
inclined at more than 10 degrees to the horizontal direc-
tion, the working fluid will not accumulate in the con-
densing part, and will flow down along the inside bottom
part of the cavity portion and flow out from the outlet hole
to the outlet pipe, even if the refrigeration apparatus is
inclined within the specified range.

Fig.1 is a transverse section view showing a ther-
mosiphon according to a first embodiment of the
present invention.
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Fig.2 is a vertical section view of the first embodi-
ment.
Fig.3 is a vertical section view of the first embodi-
ment seen from another direction.
Fig.4 is a transverse section view showing a ther-
mosiphon according to a second embodiment of the
present invention.
Fig.5 is a vertical section view of the second em-
bodiment.
Fig.6 is a transverse section view showing a ther-
mosiphon according to a third embodiment of the
present invention.
Fig.7 is a vertical section view of the third embodi-
ment.
Fig.8 is a vertical section view of the third embodi-
ment seen from another direction.

[0010] Hereunder is a description of a first embodi-
ment of the present invention based on Fig.1 through
Fig.3. In these figures, A denotes a refrigeration appa-
ratus. A thermosiphon 1 of this embodiment is attached
to a cold part B of the refrigeration apparatus A. This
thermosiphon 1 comprises a condenser 2 and a copper
pipe 3 connected to the condenser 2. The condenser 2
comprises a band shape brass attachment part 4 and a
condensing part 5 provided integral with the attachment
part 4. Furthermore, the attachment part 4 is attached
to the outer periphery of the cold part B so as to be tightly
clamped in close contact thereto. Moreover, the con-
densing part 5 is formed in a box shape, with an interior
forming a cavity portion 6. Through holes 7 and 8 com-
municating with the cavity portion 6 are formed in the
upper side portions of the cavity portion 6. Furthermore,
an inside bottom part 6a of the cavity portion 6 is formed
with a slope so as to become lower towards the center
and the outlet side, in a condition as shown in Fig.2 and
Fig.3 with the condenser 2 attached to the cold part B.
The gradient of the slope of the inside bottom part 6a is
given a value of 15 degrees or more even at a position
where the slope is most gentle with respect to the hori-
zontal direction. Moreover, an aluminum alloy heat sink
9, being a heat exchange member, is secured to the cav-
ity portion 6. The heat sink 9 comprises a plate-like base
9a and a plurality of fins 9b, being heat exchange parts,
provided upright on the base 9a. The base 9a is secured
to the cavity portion 6 on the attachment part 4 side with
screws 10, which are tightened. By inserting a copper
foil or the like (not shown in the figure) between the base
9a of the heat sink 9 and the cavity portion 6 and then
tightening the screws 10, the copper foil is deformed so
that the base 9a of the heat sink 9 and fine irregularities
of the cavity portion 6 are filled. Hence and improvement
in the heat conduction efficiency can be expected.
[0011] The cavity portion 6 is sealed by brazing a
brass lid 11 into an opening 6b. Moreover, an outlet hole
12 is formed in a lower center of the lid 11 at a central
lowermost edge position on the opening side of the cav-
ity portion 6, and a capillary 3a of the pipe 3, being the

outlet pipe, is connected to the outlet hole 12. Since the
inside bottom part 6a of the cavity portion 6 is formed in
the above manner, inclined so as to become lower to-
wards the central and opening side, the construction is
such that the condensed working fluid flowing down to
the inside bottom part 6a of the cavity portion 6 flows
along the slope of the inside bottom part 6a and flows
in to the capillary 3a from the outlet hole 12. Further-
more, a large pipe part 3b of the pipe 3, being an inlet
pipe, is connected to the through hole 7 of the condens-
ing part 5, the construction being such that the gasified
working fluid is able to flow to inside the cavity portion
6 from the large pipe 3b via the through hole 7. Further-
more, the capillary 3a and the large pipe 3b are com-
municated via an article to be cooled (not shown in the
figure).
[0012] A filling member 13 is connected to the through
hole 8, the construction being such that the working fluid
can be filled to inside the cavity portion 6 and the pipe
3 from the filling member 13 via the through hole 8.
Then, after filling the working fluid to inside the cavity
portion 6 and the pipe 3, the filling member 13 is sealed
off.
[0013] The operation with this construction will now
be described. When the refrigeration apparatus A is
driven, heat is absorbed by the cold part B of the refrig-
eration apparatus A. Therefore, heat moves from the
heat sink 9 and the condensing part 5 via the attachment
part 4 to the cold part B, and as a result, the interior of
the cavity portion 6 is cooled. Then, due to the interior
of the cavity portion 6 being cooled, the working fluid
existing inside the cavity portion 6 which is a vapor im-
mediately after flowing in from the large pipe 3b, is con-
densed at the surface of the heat sink 9 (the fins 9b) and
at the inside surface of the cavity portion 6, to become
a liquid and then flows down to the inside bottom part
6a. At this time, since the inside bottom part 6a is in-
clined so as to descend towards the center of the cavity
portion 6 and towards the outlet side, the condensed
working fluid flows towards one point on the inside bot-
tom part 6a. Then, since the outlet hole 12 is formed in
the lower center of the lid 11 and corresponding to the
center of the lowermost edge of the cavity portion 6
where the working fluid converges, the condensed
working fluid reliably flows in to the capillary 3a of the
pipe 3 from the outlet hole 12 without accumulating in-
side the cavity portion 6. In particular, in this embodi-
ment, since even at the most gentle sloping position the
gradient of the slope of the inside bottom part 6a is more
than 10 degrees, then even if the entire body of the con-
denser 2, that is the refrigeration apparatus A itself, is
inclined at 10 degrees, the working fluid reliably moves
without accumulating. Electrical equipment safety laws
normally specify that a unit such as a refrigerator incor-
porating the refrigeration apparatus A and the thermosi-
phon 1, should not fall over even if inclined at 10 de-
grees. Therefore, if the inside bottom part 6a is such that
even at the most gentle slope position the gradient of
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said slope is more than 10 degrees, the condensed
working fluid will flow towards the outlet hole 12 in the
inside bottom part 6a, provided the apparatus stays
within the specified inclination range. Hence even if the
apparatus such as the refrigerator incorporating the re-
frigeration apparatus A and the thermosiphon 1 is in-
clined, the aforementioned operation can be main-
tained.
[0014] The working fluid which has flowed into the
capillary 3a of the pipe 3 in this manner after taking heat
from an article to be cooled (not shown in the figure) of
for example a cold room of a cold store and being gas-
ified, returns to the cavity portion 6 from the large pipe
3b via the through hole 7, and again loses heat and is
condensed. By repeating the above operation, the arti-
cle to be cooled (not shown in the figure) is cooled.
[0015] The thermosiphon 1 of the present embodi-
ment as described in detail above comprises; the con-
denser 2 connected to the cold part B of the refrigeration
apparatus A, and the capillary 3a and large pipe 3b con-
nected to the condenser 2 and through which the work-
ing fluid can flow thereinside. The condenser 2 compris-
es the attachment part 4 attached to the cold part B for
conducting heat of the cold part B, and the condensing
part 5 provided at the end portion of the attachment part
4 for condensing the working fluid. The condensing part
5 has the cavity portion 6 thereinside, and the inside bot-
tom part 6a of the cavity portion 6 is formed so as to
decline towards the outlet hole 12 which communicates
with the capillary 3a. Hence when the vapor state work-
ing fluid flowing in from the large pipe 3b to the capillary
3a loses heat at the cavity portion 6 inside the condens-
ing part 5 and is liquefied, this accumulates in the inside
bottom part 6a of the cavity portion 6 and flows out from
the outlet hole 12 which communicates with the capillary
3a. At this time, since the inside bottom part 6a of the
cavity portion 6 is formed so as to decline towards the
outlet hole 12 which communicates with the capillary 3a,
then even if the condenser 2 is somewhat inclined, if this
incline is less than the gradient of the slope of the inside
bottom part 6a of the cavity portion 6 declining towards
the outlet hole 12, a downward incline with respect to
the horizontal direction is maintained. Hence the work-
ing fluid does not accumulate in the condensing part 5.
The working fluid flows along the inside bottom part 6a
of the cavity portion 6 and flows out from the outlet hole
12 to the capillary 3a, thus giving an improvement in
heat transport efficiency. In particular, in the present em-
bodiment, the inside bottom part 6a of the cavity portion
6 features a slope having a gradient of more than 10
degrees with respect to the horizontal direction when the
condenser 2 is connected to the cold part B of the re-
frigeration apparatus A. Therefore, since it is specified
by law that an apparatus incorporating the refrigeration
apparatus A such as a refrigerator should not fall over
even if inclined at 10 degrees, the working fluid will not
accumulate in the condensing part 5, and will flow down
along the inside bottom part 6a of the cavity portion 6

and flow out from the outlet hole 12 to the capillary 3a,
even if the refrigeration apparatus is inclined within the
specified range. Furthermore, the condensing part 5 is
constructed in such a way that the heat sink 9 is attached
to the cavity portion 6. By attaching the separately
formed heat sink 9 to inside the cavity portion 6, the con-
densing part 5 can be easily formed, and hence the ther-
mosiphon 1 can be easily manufactured.
[0016] Next is a description of a second embodiment
of the present invention with reference to Fig.4 and Fig.
5. The thermosiphon of the second embodiment has ba-
sically the same construction as that of the first embod-
iment, and hence parts common to the first embodiment
are denoted by common reference symbols and de-
tailed description thereof is omitted. In this embodiment,
an aluminum alloy heat sink 21, being a heat exchange
member, is secured to the opening 6b of the cavity por-
tion 6 of the condenser 2. The heat sink 21 comprises
a plate-like base 21a and a plurality of fins 21b, being
heat exchange parts, provided upright on the base 21a.
By securing the outer periphery of the base 21a to the
opening 6b of the cavity portion 6, a closed lid results.
Furthermore, in this condition, the fins 21b of the heat
sink 21 are positioned in the inner portion of the cavity
portion 6. Moreover, an outlet hole 22 is formed in a low-
er center of the base 21a of the heat sink 21. The cap-
illary 3a of the pipe 3, being the outlet pipe, is connected
to the outlet hole 22, and as with the above described
first embodiment, the construction is such that the con-
densed working fluid flowing down to the inside bottom
part 6a of the cavity portion 6 flows along the inside bot-
tom part 6a and flows in to the capillary 3a from the outlet
hole 22.
[0017] The operation for the above construction will
now be described. The operation itself of the present
embodiment is basically the same as for the above de-
scribed first embodiment. Accordingly, comparing the
first embodiment and the present embodiment, in the
first embodiment, the heat sink 9 which can be thought
to have the greatest endothermic amount, is attached
to the attachment part 4 side of the cavity portion 6.
Therefore the heat absorbed by the heat sink 9 smoothly
reaches to the cold part B via the attachment part 4. On
the other hand, with the present embodiment, the heat
absorbed by the heat sink 21 reaches to the cold part B
from the attachment part 4 via the opening 6b and the
condensing part 5. Therefore the absorption efficiency
itself is not as good as for the first embodiment. Howev-
er, in the first embodiment the interior of the cavity por-
tion 6 must be closed off by the lid 11 after attaching the
heat sink 9 thereto, whereas with the present embodi-
ment, the base 21a of the heat sink 21 is also used as
a lid. Hence attachment of the lid and attachment of the
heat sink 21 can be simultaneously carried out in one
step. Therefore assembly of the thermosiphon 1 is fa-
cilitated, enabling low cost manufacture.
[0018] Regarding the thermosiphon 1 of the present
embodiment as detailedly described above, the heat
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sink 21 comprises the plate-like base 21a and the fins
21b provided upright on the base 21a, the construction
being such that the cavity portion 6 is sealed by the base
21a. Hence the fins 21b of the heat sink 21 can be in-
serted into the cavity portion 6 formed in the condensing
part 5, and also the opening 6b of the cavity portion 6
can be sealed by the plate-like base 21a of the heat sink
21. Therefore the sealing of the cavity portion 6 and the
attachment of the heat sink 21 can be performed simul-
taneously. Hence assembly of the condensing part 5 be-
comes even easier.
[0019] Moreover, a third embodiment of the present
invention will now be described with reference to Fig.6
through Fig.8. The thermosiphon of the third embodi-
ment has basically the same construction as that of the
above-mentioned first embodiment, and hence parts
common to the first embodiment are denoted by com-
mon reference symbols and detailed description thereof
is omitted. In the thermosiphon 1 of the third embodi-
ment, the condensing part 5 is formed in a box shape
which is thinner than for the above mentioned first and
second embodiments, and a first cavity portion 31 of cy-
lindrical shape is formed thereinside. On a lower side of
the first cavity portion 31, a heat exchange part 34 is
formed by forming a plurality of through holes 33, being
cold parts, vertically in a base 32. The lower side of the
heat exchange part 34 constitutes an open cavity 35.
This open cavity 35 is sealed by soldering a brass lid 36
thereto. Furthermore, a second cavity portion 37 is
formed at the lower side of the heat exchange part 34
by the lid 36. The first cavity portion 31 and the second
cavity portion 37 communicate via through holes 33.
Moreover, an inside bottom part 37a of the second cavity
portion 37, in a condition as shown in FIG. 7 with the
condenser 2 attached to the cold part B, features a slope
so as to become lower towards the center of the con-
denser 2, and at the central lowermost edge is formed
an outlet hole 38 which is inclined downwards towards
the through hole 7 side, and a capillary 3a of the pipe 3,
being the outlet pipe, is connected to the outlet hole 38.
[0020] The operation of the present embodiment is
basically the same as for the above-mentioned first em-
bodiment in that the through holes 33 formed in the heat
exchange part 34 perform the same function as the fins
9b in the above-mentioned first embodiment. In this
manner, the heat exchange part 34 may be constructed
by the plurality of through holes 33, and is not limited to
the heat sink 9 provided with the fins 9b. Furthermore,
provided that the inside bottom part 37a through which
the working fluid flows is formed so as to descend to-
wards the outlet hole 38, there is no particular limit to
the inclination direction.
[0021] The above-mentioned respective embodi-
ments of the present invention have been described with
reference to the appended drawings, however the
present invention is not limited to said above-mentioned
respective embodiments, and various modifications are
possible within a scope of the gist of the present inven-

tion. For example, in the above-mentioned respective
embodiments, the construction is such that the inside
bottom part of the cavity portion falls towards the center
of the opening. However the construction may be such
that said bottom part falls towards a position other than
said center, such as an edge portion on either the left or
right of the opening portion. Furthermore, the inside bot-
tom part of the cavity portion is formed in a curved sur-
face shape slope, however this may be formed in a flat
surface shape. Moreover, in the above-mentioned re-
spective embodiments, the outlet hole is formed in the
lid, however this may be provided in the lower side of
the condensing part. Furthermore, the invention has
been described using the heat sink with fins provided
upright on the base, as the heat exchange member.
However, a heat exchange member other than this may
be used.
[0022] A thermosiphon according to a first aspect of
the present invention comprises a condenser connected
to a cold part of a refrigeration apparatus, and an inlet
pipe and outlet pipe connected to the condenser and
which can pass a working fluid thereinside, an attach-
ment part attached to the cold part for conducting heat
from the cold part, and a condensing part provided at
an end of the attachment part for condensing the work-
ing fluid, the condensing part having a cavity portion
thereinside, an inside bottom part of the cavity portion
featuring a slope descending towards an outlet hole
communicating with an outlet pipe for working fluid. The
working fluid in a vapor state which has flowed to the
condensing part from the pipe loses heat in the cavity
portion inside the condensing part and is liquefied, and
accumulates at the inside bottom part of the cavity por-
tion and flows out from the outlet hole communicated
with the outlet pipe. At this time, even if the condenser
is somewhat inclined, if this incline is less than the slope
of the inside bottom part of the cavity portion which de-
scends towards the outlet pipe, the working fluid does
not accumulate in the condensing part, and flows along
the inside bottom part of the cavity portion and flows out
from the outlet hole to the pipe. Therefore, irrespective
of the attitude under use conditions, the working fluid is
well circulated inside the pipe so that this can operate
reliably.
[0023] Furthermore, in a thermosiphon according to
a second aspect of the invention, the condensing part
is constructed with a heat exchange member attached
to the cavity portion. Since the condensing part can be
easily constructed by attaching a separately formed
heat exchange member inside the cavity portion, it gives
a thermosiphon where the condenser part is simpler, en-
abling a lower cost construction.
[0024] In a thermosiphon according to a third aspect
of the invention, the heat exchange member is con-
structed from a plate-like base and a heat exchange part
provided upright on the base, the construction being
such that the cavity portion is sealed by the base. By
inserting the heat exchange part of the heat exchange
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member into the cavity portion formed in the condensing
part, and also sealing the opening of the cavity portion
by the plate-like base of the heat exchange member,
one obtains a thermosiphon where the condenser can
be easily constructed with a minimum number of parts.
[0025] Furthermore, according to a fourth aspect of
the invention, the inside bottom part of the cavity portion
features a descending slope having a gradient of more
than 10 degrees with respect to the horizontal direction
when the condenser is connected to the cold part of the
refrigeration apparatus. In a refrigeration apparatus in-
corporating a thermosiphon as described above, for
which it is specified by law that it should not fall over
even if inclined at 10 degrees, the working fluid will not
accumulate in the condensing part, and will flow down
along the inside bottom part of the cavity portion and
flow out from the outlet hole to the outlet pipe, even if
the refrigeration apparatus is inclined within the speci-
fied range.

Claims

1. A thermosiphon comprising a condenser connected
to a cold part of a refrigeration apparatus, and an
inlet pipe and outlet pipe connected to said con-
denser and which can pass a working fluid therein-
side, said condenser comprising;

. an attachment part attached to said cold part
for conducting cold from said cold part, and

. a condensing part provided at an end of said
attachment part for condensing said working
fluid,

wherein said condensing part has a cavity
portion thereinside, an inside bottom part of said
cavity portion featuring a slope descending towards
an outlet hole which communicates with an outlet
pipe for working fluid.

2. A thermosiphon according to claim 1, wherein said
condensing part is constructed with a heat ex-
change member attached to said cavity portion.

3. A thermosiphon according to claim 2, wherein said
heat exchange member is constructed from a plate-
like base and a heat exchange part provided upright
on said base, the construction being such that said
cavity portion is sealed by said base.

4. A thermosiphon according to any one of claim 1
through claim 3, wherein the inside bottom part of
said cavity portion features a descending slope hav-
ing a gradient of more than 10 degrees with respect
to the horizontal direction when said condenser is
connected to the cold part of the refrigeration appa-
ratus.
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